SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, Yasunori SUZUKI, a subject of Japan and 

residing at Yokohama-shi, Kanagawa, Japan, Shinji MIZUTA, a subject of 

Japan and residing at Yokohama-shi, Kanagawa, Japan, Tetsuo HIROTA, a 

subject of Japan and residing at Kanazawa-shi, Ishikawa, Japan, and Yasushi 

YAMAO, a subject of Japan and residing at Yokosuka-shi, Kanagawa, Japan 

have invented certain new and useful improvements in 

"HIGH-EFFICIENCY LINEAR POWER AMPLIFIER" 
and we do hereby declare that the following is a full, clear and exact description 

of the same; reference being had to the accompanying drawings and the 

numerals of reference marked thereon, which form a part of this specification. 
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HIGH-EFFICIENCY LINEAR POWER AMPLIFIER 

TECHNICAL FIELD 

The present invention relates to a high-efficiency linear power 
5 amplifier provided with a digital predistorter and a Doherty amplifier for use 
in radio communication transmitters. 
PRIOR ART 

There is known a Doherty amplifier that is a combination of amplifiers 
of different operating points (W. H. Doherty, "A new high efficiency power 

10 amplifier for modulated waves," processing of the IRE, Vol. 24, no. 9, pp. 

1 163-1 182, 1936). A basic configuration of the Doherty amplifier is shown 
in Fig. 1, which is a parallel connection of a series connection of a 
quarter- wavelength line 5 and a peak amplifier 6 and a series connection of a 
carrier amplifier 7 and a quarter- wavelength line 8. The peak amplifier 6 has 

15 set therein a threshold value of amplitude for an input modulated wave signal 
and a bias operating point set for the class "C" operation for an input signal of 
amplitude exceeding the threshold value. The carrier amplifier 7 has set 
therein a bias operating point to perform the class "B" operation at all times. 
When the amplitude of the input modulated wave signal is below the 

20 threshold value, the output signal from the carrier amplifier 7 is provided as 
the output signal from the Doherty amplifier. When the amplitude of the 
input modulated wave signal is in excess of the threshold value, the sum of 
output signals from the carrier amplifier 7 and the peak amplifier 6 is 
provided as the output signal from the Doherty amplifier. 

25 By the injection of a signal component by the peak amplifier 6 when 

the amplitude of the input signal exceeds the threshold value, the saturated 
output power from the Doherty amplifier expands corresponding to the 
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injected signal component. This expansion of the saturation output power 
produces an effect of compressing the output backoff more than in the case of 
an amplifier of the same the saturation output power as that of the Doherty 
amplifier. For example, an efficiency of x% at a 1-dB gain compression 
5 point of a Doherty amplifier capable of 3-dB output backoff compression 
corresponds to a 0-dB output backoff of a conventional amplifier. Thus, the 
Doherty amplifier permits high-efficiency amplification. 

Nowadays, mobile communication systems employ a linear 
modulation scheme, and transmitting amplifiers for mobile communications 

1 0 are required to perform linear amplification. Furthermore, equipment 
miniaturization calls for high-efficiency amplification that reduce power 
consumption requirements. The Doherty amplifier that achieves the 
high-efficiency amplification is effective in reducing the power consumption 
of transmitters for mobile communications. 

1 5 Because of the parallel connection of two amplifiers of different 

operating points, the Doherty amplifier suffers degradation of linearity 
corresponding to the amount of output backoff compression as compared with 
a conventional class "A" or class "AB" amplifier. Further, the peak 
amplifier of the Doherty amplifier operates only in a region higher than a 

20 1-dB gain compression point of a carrier amplifier. On this account, an 
amplifier design by the output backoff scheme encounters difficulty in 
achieving predetermined linear amplification in the region of transmitting 
output power in which to perform high-efficiency amplification. 
Accordingly, it is essential to construct a Doherty amplifier equipped with a 

25 nonlinear distortion compensating function that strongly suppresses the 
nonlinear distortion in the vicinity of the 1-dB gain compression point. 

The inventors of this application had proposed a feedforward amplifier 
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configuration that applied the Doherty amplifier to the main amplifier (for 
example, Japanese Patent Application Kokai Publication Gazette No. 
2000-286645). Leizerovich et al. had proposed a combination of the 
Doherty amplifier and a Cartesian feedback structure (for example, U.S. 
5 Patent No. 5,880,633). These configurations are newly added with a 
linearizing circuit so as to make effective use of the high-efficiency 
amplification by the Doherty amplifier. 

The feedforward amplifier using the Doherty amplifier as the main 
amplifier has an auxiliary amplifier, and hence it cannot fully utilize high 

10 efficiency possible with the output backoff compression of the Doherty 
amplifier. With the configuration using the Cartesian feedback scheme, 
since stable automatic control calls for a bandwidth at least more than four 
times that of the modulated wave, it is necessary to achieve distortion 
compensation over a wide band. Thus, there has been a demand for a 

1 5 configuration that permits high-efficiency amplification while at the same 
time achieving predetermined linearity. Further, from the viewpoint of 
configuration, it is desirable that the amplifier be as simple as possible. 

To achieve predetermined linearity, the output backoff of the power 
amplifier is determined taking into account a crest factor of the modulation 

20 scheme used. To further increase the efficiency of the power amplifier, the 
amplifier configuration needs to minimize the output backoff. Up to now, it 
has been desired to clarify a linearizing circuit configuration capable of 
effectively utilizing the output backoff compression effect by the Doherty 
amplifier. 

25 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a 
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high-efficiency linear power amplifier that permits high-efficiency power 
amplification while achieving predetermined linearity. 

The high-efficiency linear power amplifier according to the present 
invention comprises: 
5 a digital predistorter for predistorting an input digital transmission 

signal thereto by use of a power-series model; 

a digital-analog converter for converting the output from said digital 
predistorter to an analog signal; 

an up converting part for frequency-converting the output signal from 
10 said digital-analog converter to a signal of the radio frequency band; and 

a Doherty amplifier for power-amplifying said radio frequency band 
signal and for transmitting the power-amplified signal. 



BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a diagram showing a basic configuration of a conventional 

Doherty amplifier; 

Fig. 2 is a block diagram illustrating an embodiment of the 
high-efficiency linear power amplifier according to the present invention; 

Fig. 3 is a block diagram illustrating another embodiment of the 
20 high-efficiency linear power amplifier according to the present invention; 

Fig. 4 is a block diagram depicting an example of a digital predistorter 
for use in the high-efficiency linear power amplifier according to the present 
invention; 

Fig. 5 A is a block diagram depicting another example of the digital 
25 predistorter for use in the high-efficiency linear power amplifier according to 
the present invention; 

Fig. 5B is a block diagram showing an example of a frequency 
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characteristic compensator; 

Fig. 6 is a block diagram depicting another example of the digital 
predistorter for use in the high-efficiency linear power amplifier according to 
the present invention; 
5 Fig. 7 is a block diagram depicting still another example of the digital 

predistorter for use in the high-efficiency linear power amplifier according to 
the present invention; 

Fig. 8 is a block diagram showing an example of a control part for use 
in the high-efficiency linear power amplifier according to the present 
10 invention; 

Fig. 9 is a block diagram showing another example of the control part 
for use in the high-efficiency linear power amplifier according to the present 
invention; and 

Fig. 10 is a block diagram depicting an example of a third order 
1 5 distortion component extracting part 2 1 A in Fig. 9. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
High-Efficiency Linear Power Amplifier 

Fig. 2 illustrates an embodiment of the high-efficiency linear amplifier 

20 according to the present invention. 

The high-efficiency linear power amplifier according to this 
embodiment comprises: a pilot signal generator 1 1, an adder 12 for adding a 
transmission signal S s and a pilot signal S P ; a digital predistorter 13; a 
digital-analog converter (DAC) 14 for converting a predistorted signal to an 

25 analog signal; a frequency converter (up converter) composed of a mixer 15 A, 
a local oscillator 15B and a band-pass filter (BPF) 15C; a Doherty amplifier 
16; a pilot signal extractor 17 for extracting the pilot signal; a frequency 
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converter (down converter ) 1 8 composed of a mixer 1 8 A, a local oscillator 
1 8B and a band-pass filter (BPF) 1 8C, for frequency-converting the extracted 
pilot signal to the base band signal; an analog-digital converter (ADC) 19 for 
converting the output signal from the frequency converter 1 8 to digital form; 
5 and a control part 21 for controlling the digital predistorter 13. Assume that 
the Doherty amplifier 16 has a peak amplifier and a carrier amplifier as is the 
case with the Doherty amplifier depicted in Fig. 1, for instance. 

In the Fig. 2 embodiment and other embodiments described below, let 
it be assumed that the transmission signal S s and the pilot signal S P are both 

10 digital signals. The pilot signal generator 1 1 generates, as the pilot signal S P , 
two continuous wave signals (also called tone signals) of the same amplitude 
but of different frequencies. The pilot signal S P is added by the adder 12 
with the transmission signal Ss, and the added output is provided to the digital 
predistorter 13. The digital predistorter 13 predistorts the transmission 

15 signal Ss and the pilot signal S P added together. The output signal from the 
digital predistorter 13 is converted by the digital-analog converter 14 to 
analog signal. The output signal from the digital-analog converter 14 is 
applied to the frequency converter 15, wherein it is frequency-mixed by the 
mixer 15A with a local signal L s from the local oscillator 15B, and the 

20 transmission signal Ss and the pilot signal S P both up converted to the 

predetermined radio frequency band (RF band) are taken out by the band-pass 
filter 15C. The transmission signal S s and the pilot signal S P in the RF band 
are power-amplified by the Doherty amplifier 16. A preamplifier or the like 
may be inserted in the line from the digital-analog converter 14 to the Doherty 

25 amplifier 14 at an arbitrary position. 

The pilot signal extractor 17 extracts the pilot signal (containing only 
an odd-order distortion component) from the radio-frequency signal (RF 
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signal) from the Doherty amplifier 1 6 and supplies the RF signal to an 
antenna (not shown). In the case where the transmission signal Ss and the 
pilot signal S P are set at different frequencies, the pilot signal extractor 17 is 
constituted by a directional coupler or power divider, and a band-pass filter 
5 that includes in its pass band the frequency of the pilot signal 

frequency-converted to the RF band. The RF band pilot signal extracted by 
the extractor 17 is applied to the frequency converter 18, wherein it is 
frequency-mixed by the mixer 1 8 A with a local signal from the local signal 
oscillator 18B and frequency-converted to a baseband pilot signal, which is 

1 0 taken out by the band-pass filter 1 8C. The baseband-converted pilot signal 
is converted by the analog-digital signal to digital form. In the control part 
2 1 an odd-order distortion component contained in the digitized pilot signal, 
generated by the Doherty amplifier 16, is used to control the parameter of the 
signal predistorter 13 to minimize the odd-order distortion component level of 

15 the pilot signal. 

The frequency spacing between the two tone signals forming the pilot 
signal S P is, for example, several hundred Hz or below, and hence the 
bandwidth of pilot signal S P is sufficiently narrower than the bandwidth of the 
transmission signal S s . By using the tone signals to form the pilot signal, it 

20 is possible to reduce the response speed of negative feedback that has been a 
problem in the conventional digital predistortion scheme and Cartesian 
feedback control scheme, so that distortion control can be effected with high 
accuracy. Since distortion compensation can be made with higher accuracy 
in the output power in the vicinity of the 1-dB gain compression point, it is 

25 possible to strongly suppress distortion in this region. As compared with a 
traditional lookup table type digital predistorter, the digital predistorter in this 
embodiment is simple-structured since no memory for the lookup table is 
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needed. As described above, it is possible to simply and accurately suppress 
the nonlinear distortion in the output power region in which the peak power 
amplifier of the Doherty amplifier operates. 

In this way, linear amplification can be achieved in the transmitting 
5 output power region in which the peak amplifier of the Doherty amplifier 
operates. The amplifier configuration of this embodiment permits 
high-efficiency linear amplification. 

Fig. 3 illustrates a second embodiment of the high-efficiency linear 
power amplifier according to the present invention. 

10 In this embodiment, the pilot signal S P and the transmission signal S s 

are predistorted separately by different digital predistorters 13 and 23, then 
converted by different digital-analog converters 14 and 24 to analog signals, 
which are added together by an adder 22, and the added output is applied to 
the frequency converter 15. The control of the digital predistorters 13 and 

15 23 after extraction of the pilot signal is effected synchronously. Since 
embodiment is common in construction and in operation to the Fig. 2 
embodiment except the above, no description will be repeated. The second 
embodiment allows the use of a digital-analog converter of low conversion 
speed. 

20 The first embodiment of Fig. 2 has been described as being configured 

to perform simultaneous digital-analog conversion of the transmission signal 
and the pilot signal by the same digital-analog converter 14. In this instance, 
the operating speed of the digital-analog converter 14 needs to be high enough 
to effect predetermined over-sampling of the sum of the transmission signal 

25 bandwidth and the bandwidth of the pilot signal that is injected outside it. 
To meet this requirement, the digital-analog converter used is expensive 
accordingly. The second embodiment is effective when sufficient 
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over-sampling is impossible with the configuration of the first embodiment. 

Digital Predistorter 

Fig. 4 illustrates an example of the digital predistorter 13 used in the 
5 embodiments of Figs. 2 and 3. 

The digital predistorter depicted in Fig. 4 is configured using a 
power-series model, and has a linear path 13P0 for linear transfer of an input 
signal and a plurality of nonlinear paths 13P1, 13P2 and 13P3 for generating 
odd-order distortion components of the input signal. In the linear path 13P0 

10 there is inserted a delay memory 13D for delaying the input signal by the 
same time interval as in the nonlinear path. The nonlinear paths for 
providing odd-order distortion components are, in this example, three 
nonlinear paths 13P1, 13P2 and 13P3 for generating third-order, fifth-order 
and seventh-order distortion components, respectively. The nonlinear paths 

1 5 are each formed by one of series connections of odd-order distortion 

generators 13A1, 13A2, 13 A3, variable phase shifters for phase control 13B1, 
13B2, 13B3, and variable gain controllers for amplitude control 13C1, 13C2, 
13C3. The outputs from the nonlinear paths 13P1, 13P2 and 13P3 for 
generating the third- fifth- and seventh-order distortion components are added 

20 together by adders 13E2 and 13E3, then the added outputs are added by an 

adder 13E1 with the output from the linear path 13P0, and the added output is 
input as the output from the digital predistorter 13 to the digital-analog 
converter 14. The variable phase shifter and the variable gain controller may 
combined into a vector controller. The variable phase shifters 13B1, 13B2, 

25 13B3 and the variable gain controllers 13C1, 13C2, 13C3 are controlled by a 
control signal C s (C S p, Csa) from the control part 21. The digital predistorter 
23 in Fig. 3 can be similarly configured. 
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Fig. 5A illustrates in block form another example of the digital 
predistorter 13. 

The illustrated digital predistorter 13 is configured to compensate for 
the frequency dependent distortion of the power amplifier 16 in Fig. 2 or 3. 
5 With an increase in the band of the transmission signal, it becomes more and 
more difficult to uniformly suppress distortion components produced by the 
power amplifier over the wide band. The frequency characteristic of the 
distortion components by the power amplifier depend on the nonlinear 
characteristic at its input or output side, in the case of FET, such frequency 

10 characteristic as gate-source capacitance, transconductance, drain 

conductance and so forth. A translation table of a conventional lookup table 
type digital predistorter sets therein data on a particular frequency only. In 
contrast thereto, the digital predistorter of this embodiment has frequency 
characteristic compensators 13F1, 13F2 and 13F3 at the input sides of the 

1 5 odd-order distortion generators 1 3 A 1 , 1 3 A2 and 1 3 A3 . The frequency 

characteristic compensators 13F1, 13F2 and 13F3 are each formed by an FIR 
filter, for instance, and the frequency characteristic can be adjusted by 
controlling filter coefficients. Alternatively, the frequency characteristic 
compensator may be formed by a series connection of a fast Fourier 

20 transformer (FFT) 13Fa, a vector adjuster 13Fb and an inverse fast Fourier 
transformer (IFFT) 13Fc as depicted in Fig. 5B. In the case of Fig. 5B, the 
added signal of the transmission signal and the pilot signal is transformed by 
FFT 13Fa to a frequency domain signal, then the amplitude and phase of the 
frequency domain signal (spectrum) are adjusted by the vector adjuster 13Fb, 

25 and the adjusted spectrum is transformed by IFFT 13Fc to a time domain 
signal, which is applied to the third-order distortion generator 13A1. 

The other frequency characteristic compensators 13F2 and 13F3 can 
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similarly be formed. 

As described above, it is possible to impart arbitrary frequency 
characteristic to each odd-order distortion component by controlling the FIR 
filter coefficients or coefficients of the vector adjuster 13Fb. In the Fig. 5 
5 embodiment, the provision of the frequency characteristic compensators 13F1, 
13F2 and 13F3 at the input sides of the odd-order distortion generators 13A1, 
13A2 and 13 A3 is particularly suitable to adopt when the frequency 
characteristic of the intermodulation distortion produced by the power 
amplifier 1 6 depend mainly on the frequency characteristic of the distortion 

10 component at the input side of the power amplifier 16. 

Fig. 6 illustrates in block form another example of the digital 
predistorter 13. In this example the frequency characteristic compensators 
13F1, 13F2 and 13F3 in the Fig. 5 A embodiment are placed at the output 
sides of the odd-order distortion generators 13A1, 13A2 and 13 A3, 

15 respectively. The configuration of the Fig. 6 embodiment is suitable for use 
when the frequency characteristic of the intermodulation distortion produced 
by the power amplifier 16 depend mainly on the frequency characteristic of 
the distortion component at the output side of the power amplifier 16. The 
frequency characteristic compensators 13F1, 13F2 and 13F3 are identical in 

20 construction with those in the Fig. 5 A embodiment. 

Fig. 7 illustrates in block form still another embodiment of the digital 
predistorter. 

This example is a combination of the embodiments of Figs. 5 A and 6. 
The frequency characteristic compensators 13F1, 13F2 and 13F3 are placed at 
25 the input sides of the odd-order distortion generators 13A1, a3A2 and 13A3, 
at the output sides of which are also placed frequency characteristic 
compensators 13G1, 13G2 and 13G3, respectively. This embodiment is 
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common in construction to the Fig. 5 A or 6 embodiment except the above. 
The configuration of the Fig. 7 embodiment is suitable for use when the 
frequency characteristic of the intermodulation distortion by the power 
amplifier 16 in Figs. 2 and 3 depend mainly on the frequency characteristic of 
5 the distortion component at both of the input and output side of the power 
amplifier 16. The respective frequency characteristic compensators are 
identical in construction with those in the embodiment of Fig. 5 A. 

Control Part 

10 Fig. 8 illustrates an embodiment of the control part 21 in Figs. 2 and 3. 

This embodiment is directed to control of a detector that detects each 
distortion component after extraction of the pilot signal. The control part 21 
is made up of third-, fifth- and seventh-order distortion component extracting 
parts 21 Al, 21 A2, 21 A3, and distortion component detecting parts 21B1, 

15 2 1 B2, 2 1 B3 and amplitude/phase controllers 21C1,21C2,21C3 provided 
corresponding to the respective odd orders. The distortion component 
detecting parts 21B1, 21B2 and 21B3 each have a level detector 21BL for 
detecting the level of the extracted distortion component, and a phase detector 
12BP for detecting the phase of the distortion component. The 

20 amplitude/phase controllers 21C1, 21C2 and 21C3 have: amplitude 

controllers 21CAthat generate odd-order component amplitude control 
signals C S ai, C S a2 and Csa3 for controlling the variable gain controller 13C1, 
13C2 and 13C3 of the digital predistorter 13 based on the levels detected by 
the level detectors 21BL, respectively; and phase controllers 21 CP that 

25 generate odd-order distortion component phase control signals Cspi, C S p2 and 
Csp3 for controlling the amounts of phase shift of the variable phase shifters 
13B1, 13B2 and 13B3 of the digital predistorter 13 based on the phases 
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detected by the phase detectors 2 IBP, respectively. 

The configuration of the Fig. 8 embodiment is shown to deal with the 
third- to seventh-order distortion components, but the number of orders is 
arbitrary. The pilot signal extracted from the output of the power amplifier 
5 16 is frequency-converted by the frequency converter 18 from the RF band to 
the baseband as referred to previously, and the baseband pilot signal is 
analog-digital converter (ADC) 19 from analog to digital signal, which is 
provided to the third-, fifth- and seventh-order distortion component 
extracting parts 2 1 A 1 , 2 1 A2 and 2 1 A3 . The odd-order distortion component 

10 extracting part 21A1, 21A2 and 21 A3 are formed by filters (distortion 

component extracting band-pass filters BPF) corresponding to the frequencies 
of respective odd-order distortion components so as to extract third-, fifth- 
and seventh-order distortion components of the pilot signal from the 
converted digital signal, respectively. The extracted odd-order distortion 

1 5 components are provided to the distortion component detectors 2 1 B 1 , 2 1 B2, 
21B3 and the amplitude/phase controllers 21C1, 21C2, 21C3, which control 
the corresponding odd-order vector adjusters (the variable phase shifters 13B1, 
13B2, 13B3 and the variable gain adjusters 13C1, 13C2, 13C3) of the digital 
predistorter 13. 

20 Each level detector 21BL is an envelope detector or power amplifier 

formed by a diode. The amplitude components of respective odd-order 
distortion components are detected by such level detectors. Each phase 
detector 2 IBP is composed of a limiter and a phase comparator. An input 
signal to the phase detector 2 IBP is rendered by the limiter into a square wave. 

25 The position of rise or fall of the square wave is compared with the phase set 
in the phase comparator to detect the phase of the square wave. The level 
detector 21 BL and the phase detector 2 IBP may be formed by a quadrature 
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demodulator. A control signal can also be obtained by numerical 
computation of amplitude and phase components of a signal produced by 
quadrature-detection of the distortion component. 

Fig. 9 illustrates in block form an example of the control part 2 1 for 
5 the digital predistorter 13 provided with the frequency characteristic 

compensators 13F1, 13F2, 13F3 or 13G1, 13G2, 13G3 as depicted in Figs. 5A, 
6 and 7. This example shows only control for the third-order distortion 
component. The pilot signal extracted by the pilot signal extractor 1 7, then 
down converted by the frequency converter 18 to the baseband, and converted 

10 by ADC 19 to digital form in Figs. 3 and 4, is provided to the third-order 

distortion component extracting part 21A1 to thereby extract the third-order 
distortion component of the pilot signal. As is the case with the Fig. 8 
embodiment, the level and phase of the extracted third-order distortion 
component are detected by the distortion component detector 2 IB of a vector 

1 5 adjustment controller 21V, and the thus detected level and phase are used to 
generate the third-order distortion component amplitude control signal C S a 
and the third-order distortion component phase control signal Csp by the 
amplitude/phase controller 21C. 

To control the frequency characteristic compensators 13F1, 13F2, 

20 13F3 (and 13G1, 13G2, 13G3), it is necessary to sweep the frequency of the 
pilot signal S P in a predetermined frequency band (in the frequency band of 
the transmission signal). The amplitude and phase of each odd-order 
distortion component of the pilot signal S P at each point of its frequency 
swept at predetermined frequency intervals are detected by a level detector 

25 21FBL and a phase detector 21FBP of a distortion component detector 21FB. 
The detected amplitude and phase are stored in a memory 21FM associated 
with the control part 2 1 . The memory 2 1FM stores amplitude and phase 
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values corresponding to the swept frequency points. The stored numerical 
values are used to control the parameters of the frequency characteristic 
compensators 13F1, 13F2, 13f3 (and 13G1, 13G2, 13G3) of the digital 
predistorter 1 3 so that the frequency characteristic of the intermodulation 
5 distortion by the power amplifier 1 6 becomes flat. 

Third-Order Distortion Component Extracting Part 

Fig. 10 illustrates in block form an example of the third-order 
distortion component extracting part 21 Al in Figs. 8 and 9. The output RF 

10 signal from the power amplifier 16 contains a plurality of odd-order distortion 
components of the pilot signal. The illustrated example does not use a 
band-pass filter to extract the third-order distortion component, but instead it 
is configured to extract the third-order distortion component by subtracting 
the pilot signal S P generated by the pilot signal generator 1 1 and its fifth- and 

15 seventh-order distortion components from the extracted pilot signal fed from 
the analog-digital converter 19. 

The pilot signal S P from the pilot signal generator 1 1 is applied via a 
delay memory 21Aal forming a linear path to a variable phase shifter 21 Abl, 
wherein it is phase-adjusted, and the phase-adjusted pilot signal is 

20 amplitude-adjusted by a variable gain adjuster 21 Acl and then applied 

therefrom to a subtracter 21 Adl . The subtracter 21 Adl subtracts the pilot 
signal from the extracted pilot signal from the analog-digital converter 19 
which contains distortion components. The pilot signal S P is also applied to 
fifth- and seventh-order distortion component generators 21Aa2 and 21 Aa3, 

25 by which fifth- and seventh-order distortion components of the pilot signal are 
generated. The distortion components are phase-adjusted by variable phase 
shifters 21Ab2 and 21Ab3, then amplitude-adjusted by variable gain 
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adjusters21 Ac2 and 21Ac3, and fed to subtractors 21 Ad2 and 21Ad3. The 
fifth- and seventh-order distortion components are sequentially subtracted 
from the output from the subtractor 21 Ad 1 to thereby extract the third-order 
distortion component. 
5 The thus extracted third-order distortion component is provided, for 

example, as shown in Fig. 9, to the vector adjustment controller 21V and a 
frequency characteristic compensation controller 21 FV, by which are 
generated the amplitude control signal C S a, the phase control signal Csp and 
the third-order distortion component frequency characteristic compensating 

10 amplitude control signal C S fa, the third-order distortion component frequency 
characteristic compensating phase control signal Csfp- The fifth- and 
seventh-order distortion component extracting parts 21A2 and 21 A3 in Fig. 8 
can also be similarly configured. 

In this way, a desired odd-order distortion component of the pilot 

15 signal can be extracted when other odd-order distortion components are 
superimposed on the desired one. 

EFFECT OF THE INVENTION 

As described above, according to the high-efficiency linear power 

20 amplifier of the present invention, the digital predistorter 13 based on a 

power-series model predistorts the transmission signal in such a manner as to 
compensate for the intermodulation distortion that is produced by the Doherty 
power amplifier 16. The distortion component by the power-series model is 
represented as a linear sum of odd-order distortion components. On this 

25 account, direct extraction of the respective odd-order distortion components 
from the pilot signal enables the distortion components to be suppressed with 
higher efficiency than by the Cartesian feedback control scheme and the 
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lookup table type digital predistorter. The pilot signal has a sufficiently 
narrower band than the transmission signal like a tone signal. Accordingly, a 
sufficient response time can be set for negative feedback control. 

The compression of the output backoff of the Doherty amplifier 1 6 
5 provides increased efficiency of a power amplifier even in a modulation 
system of large crest factor. The nonlinearity in this operating region is 
compensated for by the digital predistorter. In various linearizing circuits 
the predistorter configuration permits high-efficiency operation of the power 
amplifier as compared with the feedforward configuration. The combined 
10 use of the Doherty amplifier and the digital predistorter multiplies their 
effects. 

Accordingly, the present invention has advantages of: 

(1) Offering simple-structured amplifier capable of high-efficiency 

amplification and linear amplification; and 
15 (2) Achieving miniaturization of the transmitter by reducing power 

consumption. 
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